The properties of the momentum space quark propagator in Landau gauge are examined for the overlap quark action in quenched lattice QCD. Numerical calculations were done on two lattices with different lattice spacing a and similar physical volumes to explore the quark propagator in the continuum limit. We have calculated the nonperturbative wavefunction renormalization function Z(p) and the nonperturbative mass function M (p) for a variety of bare quark masses and perform a simple linear extrapolation to the chiral limit. We find the behaviour of Z(p) and M (p) in the chiral limit are in good agreement between the two lattices.
Introduction
The quark propagator, is one of the fundamental quantities in QCD. By studying the momentum-dependent quark-mass function in the infrared region we can gain valuable insights into the mechanism of dynamical chiral symmetry breaking and the associated dynamical generation of mass. The ultraviolet behaviour of the propagator at large momentum can be used to extract the running quark mass .
There have been several studies of the momentum space quark propagator [1, 2, 3, 4, 5] using different gauge fixing and fermion actions. Here we focus on Landau gauge fixing and the overlapfermion action and extend previous work [5] to two lattices with different lattice spacings a and very similar physical volumes. This allows us to probe the continuum limit of the quark propagator.
Quark Propagator on the Lattice
In a covariant gauge in the continuum the renormalized Euclidean-space quark propagator * Presented by J. B. Zhang at Lattice 2002 † This work is supported by the Australia Research Council must have the form
where ζ is the renormalization point. On the lattice the inverse lattice bare quark propagator takes the general form
We use periodic boundary conditions in the spatial directions and anti-periodic in the time direction. The discrete momentum values for a lattice of size N 3 i × N t , with n i = 1, .., N i and
Defining the bare lattice quark propagator as
we perform a spinor and color trace to identify
The C µ (p) and B(p) in Eq. (2) can be written
, (6) where
We can identify the appropriate kinematic lattice momentum q directly from the definition of the tree-level quark propagator,
Having identified the lattice momentum q, we can now define the bare lattice propagator as
where S(ζ; p) is the lattice version of the renormalized propagator in Eq. (1). The overlap fermion formalism [6, 7] realizes an exact chiral symmetry on the lattice and is automatically O(a) improved. The massless coordinate-space overlap-Dirac operator can be written in dimensionless lattice units as
where ǫ(H w ) is the matrix sign function, where 
This definition of the massless overlap quark propagator follows from the overlap formalism [8] and ensures that the massless quark propagator anticommutes with γ 5 , i.e., {γ 5 , S bare (0)} = 0 just as it does in the continuum [9] . The tree-level momentum-space massless quark propagator defines the kinematic lattice momentum q, We can obtain q numerically and analytically from the tree-level massless quark propagator [5] .
Having identified the massless quark propagator in Eq. (10), we can construct the massive overlap quark propagator by simply adding a bare mass to its inverse, i.e.,
Numerical results
Here we work on two lattices with different lattice spacing a and very similar physical volumes using a tadpole-improved plaquette plus rectangle gauge action. For each lattice size, we use 50 configurations . Lattice parameters are summarized in Table 1 .
Our calculations use κ = 0.19 for lattice 1 (12 3 × 24) and κ = 0.1864 for lattice 2 (8 3 × 16) to make m w a = 1.661 on both lattices. We calculate at ten bare quark masses in physical units of m 0 = 126, 147, 168, 210, 252, 315, 420, 524, 629, and 734 MeV respectively.
The results of lattice 1 are presented in detail in Ref. [5] . It is satisfying that the results of lattice 2 are similar to those of lattice 1. Here we focus on the comparision of the results on these two lattices. All data has been cylinder cut [5] and extrapolated to the chiral limit using a simple linear chiral extrapolation . The mass function M (p) for the two lattices is plotted in Fig. 1 and the renormalization function Z(p) of the two lattices is plotted in Fig. 2 . We can see that when the mass function M (p) is plotted against the discrete lattice momentum p the results of the two lattices are in good agreement, while for the renormalization function Z(p), good agreement is reached on the two lattices if it is plotted against the kinematical lattice momentum q. of two lattices in the chiral limit. The upper graph is plotted against the discrete lattice momentum p and the lower graph is plotted against the kinematical lattice momentum q.
Summary
In this report, we use tadpole-improved quenched lattice configurations, and the overlap fermion operator with the Wilson overlap kernel. The momentum space quark propagator is calculated in Landau gauge on two lattices with different lattice spacing a and very similar physical volumes to explore the continuum limit. We calculate the nonperturbative momentum-dependent wavefunction renormalization function Z(p) and the nonperturbative mass function M (p) for a variety of bare quark masses and perform a simple linear extrapolation to the chiral limit. We have seen that, the continuum limit for, Z(p), is most rapidly approached when it is plotted against the kinematical lattice momentum q, whereas for the quark mass function, M (p), we should plot against the discrete lattice momentum p. The agreement between the two lattices suggests that we are close to the continuum limit. per graph is plotted against the discrete lattice momentum p and the lower graph is plotted against the kinematical lattice momentum q.
